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Introduction
Cystic Fibrosis (CF) is a multi-system life-limiting genetic 
condition in which the most common cause of death is respira-
tory failure. Daily use of inhaled mucolytic and antibiotic medi-
cations are effective to prevent pulmonary exacerbations and 
preserve lung function1,2. Low adherence to CF medications 
is associated with poorer health outcomes3, yet real-world 
adherence to inhaled medications is only 35–50%4,5. 
Another problem is the potential for diagnostic uncertainties 
– in a study where the objectively measured adherence was 36%, 
people with CF reported median adherence of 80% whilst clini-
cians estimated adherence rate of 55–60%5. This disparity makes 
it challenging for healthcare professionals to make informed 
clinical decisions. The ‘invisibility’ of adherence in routine 
care can result in consultations characterised by the ‘lamp post 
syndrome’6, whereby there is a tendency for clinicians to use 
readily available information which can be misleading. In 
other words, clinicians ended up seeking information “where 
the light is” rather than to use all relevant data sources. Since 
neither patient self-report nor clinician estimation provides 
an accurate indication of medication adherence, adherence 
will be invisible in those centres without systems that make 
objectively measured adherence visible. This lack of adher-
ence data is critical for diagnosis and assessment. Indeed, the 
approach in a patient with deteriorating clinical status and low 
adherence (where treatment failure is due to non-use of 
existing treatments) is very different to the approach in a 
patient with deteriorating clinical status and high adherence 
(where existing treatments have failed, and treatment escalation 
must be considered).
Furthermore, enabling self-monitoring using objective feed-
back is associated with increases in target health behaviours7 
and has been identified as a facilitator in nebuliser adherence8. 
Access to, and feedback from, accurate adherence data could 
facilitate more effective self-monitoring and self-care for people 
with CF.
Despite evidence pointing to the importance of objectively meas-
ured adherence data in routine CF care, it remains unclear how 
frequently clinicians readily have access to objective adher-
ence data in their day-to-day practice and whether such access 
is desired by clinicians. We therefore conducted an online 
survey among UK CF centres to establish the perceived impor-
tance of routinely available adherence data, and the extent to 
which this data is currently used in routine care.
Methods
Centre directors from all 29 UK adult CF centres were invited 
by email on 12 March 2019 to participate in a short online ques-
tionnaire about their views and practices in using adherence 
data in their day-to-day management of people with CF. Where 
available, contact details were sought through the CF regis-
try; in the absence of this, email addresses were ascertained 
through hospital websites.
Centre directors were encouraged to discuss the questions 
with their clinical colleagues before responding. Centres that 
did not respond after two weeks were sent two reminders, at 
two week intervals. All responses were collected within two 
weeks of the final reminder. 
The participant information sheet detailed that responses to the 
survey would be used for research purposes. The information 
sheet was embedded within the invitation email. Consent to par-
ticipate was implied through completion of the questionnaire. 
The questionnaire was designed with Qualtrics© 2019 software 
(version March 2019, Provo, Utah) and consisted of five-
items with a mixture of Likert scale, percentage estimate and 
free-text responses (see Extended data). Respondent Internet 
Protocol (IP) addresses were captured and used to check for 
duplicate responses. No duplicate responses were captured.
Responses to Likert scale questions (Q1, Q4) were coded 
1–5 (1= Very important, 5= Not important) and medians and 
inter-quartile ranges summarised. For responses to questions 
requesting a percentage estimate (Q2, Q3), means and standard 
deviations were calculated. Free-text responses (Q5) were 
summarised by extracting key themes.
The study received approval from the School of Health and 
Related Research (ScHARR) Research Ethics Committee, Uni-
versity of Sheffield (ref: 024042). The survey was hosted on 
Qualtrics (survey tool approved by the University of Sheffield 
Corporate Information and Computing Services). The University 
of Sheffield was the data controller and all survey data exported 
for analysis was stored on an access restricted folder on 
the University shared file store.
Results
A total of eight adult UK CF centres (28%) provided data 
from sites across England, Northern Ireland and Wales. 
Summaries by questionnaire item are summarised in Table 1. 
An average of 87% of patients using inhaled therapies were 
estimated not to have up to date medicines possession ratio 
or pharmacy refill data available during a typical outpa-
tient clinic. This included four centres that said 100% of their 
patients would not have this information available. Across five 
centres, an average of 83% of patients were estimated not to 
have I-neb® data readily available at the point of consulta-
tion. It was stated by two sites that I-nebs were not used at 
their centre and it is important to recognise that at the time the 
study, the only routinely available devices to collect objective 
adherence data were Inebs®.
In contrast to low availability of objective adherence data, 
all centres considered having up-to-date, objective adher-
ence data for inhaled therapies at the point of diagnosis to be at 
least moderately important; 57% considered this to be impor-
tant and a further 29% considered this to be very important. 
When asked if they thought that a system able to automatically 
collect and provide objective, up-to-date adherence data within 
a consultation would be important, all responding centres said 
that this would be important to have in their centre and 50% of 
respondents felt this would be very important.
A total of seven free-text responses were received for ques-
tion five regarding the key features for a system to routinely 
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collect objective adherence data. Multiple respondents stated 
that “ease of use” would be important, as well as quick and reli-
able data access. Centres also stated that it would be important 
for data to be available for both patients and staff to facilitate 
discussions on adherence.
Conclusion
Adherence is important for accurate diagnosis, treatment 
planning and self-management in people with CF3,6,8. We have 
demonstrated that whilst centres providing care to people with 
CF perceive objective adherence data to be important, com-
prehensive provision of these data is not a feature of current CF 
clinical practice. A small percentage of people with CF have 
objective measures of adherence available for consultations 
(between 13–17% depending on the use of medication 
possession ratio or I-neb®). This is despite an overall con-
sensus that access to objective adherence data is important 
for making accurate diagnoses. If a system could produce 
up-to-date, routinely collected objective adherence data for 
use in consultations, all centres felt this would be an important 
asset.
The results of this study demonstrate that in the responding 
centres clinicians felt that objectively measured adherence at 
the point of consultation would be useful but was rarely avail-
able. A limitation of the current study is that with only 8 out of 
29 UK adult centres responding, it is uncertain whether objec-
tive adherence data is considered important across the whole of 
the UK. Nevertheless, it is notable that within the centres that 
did respond, there was a consensus that objective adherence 
data was important and no centres that considered objective 
adherence data to be unimportant.
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Data availability
Underlying data
ORDA: Findings from a national questionnaire survey of UK 
CF centres on availability and desirability of routinely available 
adherence data, https://doi.org/10.15131/shef.data.10059251.v19.
This project contains the following underlying data:
-    CSV file exhibiting the responses to the questionnaire 
for the eight centres
Extended data
ORDA: Findings from a national questionnaire survey of UK 
CF centres on availability and desirability of routinely available 
adherence data, https://doi.org/10.15131/shef.data.10059251.v19.
This project contains the following extended data:
-   Questionnaire sent to the CF centers
Data are available under the terms of the Creative Commons 
Zero “No rights reserved” data waiver (CC0 1.0 Public domain 
dedication).
Table 1. Questionnaire responses summarised by item (excluding free-text responses to question 5).
Question n Median (IQR) n responses (%)
Q1: A clinical vignette to ascertain whether clinicians desire objective adherence 
data at the point of consultation 
7 2 (1 – 2) Very important: 2 (29%) 
Important: 4 (57%) 
Moderately important: 1 (14%)
Q4: The perceived importance of a system which provides objective adherence 
data at the point of consultation 
How important is it to have such a system in your centre?
6 1.5 (1- 2) Very important: 3 (50%) 
Important: 3 (50%)
1= “Very important”, 2= “Important”, 3= “Moderately important”, 4= “Slightly important”, 5= “Not important”
n Mean (SD)
Q2: Proportion of adults whereby pharmacy refill data is readily available at the 
point of consultation
6 13% (31%)
Q3: Proportion of adults whereby I-neb® data is readily available at the point of 
consultation 
5 17% (21%)
References
1. Ryan G, Mukhopadhyay S, Singh M: Nebulised anti-pseudomonal antibiotics for 
cystic fibrosis. In: Ryan G, editor. Cochrane Database Syst Rev. Chichester, UK: 
John Wiley & Sons, Ltd. 2003; (3): CD001021.  
PubMed Abstract | Publisher Full Text 
2. Ryan G, Singh M, Dwan K: Inhaled antibiotics for long-term therapy in cystic 
fibrosis. Ryan G, editor. Cochrane Database Syst Rev. Chichester, UK: John Wiley 
& Sons, Ltd. 2011; (3): CD001021.  
PubMed Abstract | Publisher Full Text 
3. Eakin MN, Bilderback A, Boyle MP, et al.: Longitudinal association between 
medication adherence and lung health in people with cystic fibrosis. J Cyst 
·½»ʻÅ¼ˀ
	ʸʷʷʷ»É»·È¹¾ʹʷʸˀƑʿƓʸˀʷʻ·ÉÊËÆº·Ê»ºƓʷʺʹʷʹʷ
Fibros. 2011; 10(4): 258–64.  
PubMed Abstract | Publisher Full Text | Free Full Text 
4. Quittner AL, Zhang J, Marynchenko M, et al.: Pulmonary medication adherence 
and health-care use in cystic fibrosis. Chest. 2014; 146(1): 142–51.  
PubMed Abstract | Publisher Full Text 
5. Daniels T, Goodacre L, Sutton C, et al.: Accurate assessment of adherence: self-
report and clinician report vs electronic monitoring of nebulizers. Chest. 2011; 
140(2): 425–32.  
PubMed Abstract | Publisher Full Text 
6. Wildman MJ, Hoo ZH: Moving cystic fibrosis care from rescue to prevention by 
embedding adherence measurement in routine care. Paediatr Respir Rev. W.B. 
Saunders. 2014; 15 Suppl 1: 16–8.  
PubMed Abstract | Publisher Full Text 
7. Burke LE, Wang J, Sevick MA: Self-monitoring in weight loss: a systematic 
review of the literature. J Am Diet Assoc. Elsevier. 2011; 111(1):  
92–102.  
PubMed Abstract | Publisher Full Text | Free Full Text 
8. Arden MA, Drabble S, O’Cathain A, et al.: Adherence to medication in adults 
with Cystic Fibrosis: An investigation using objective adherence data and the 
Theoretical Domains Framework. Br J Health Psychol. John Wiley & Sons, Ltd. 
2019; 24(2): 357–380.  
PubMed Abstract | Publisher Full Text | Free Full Text 
9. Robinson L, Maguire C, Wildman M, et al.: Findings from a national 
questionnaire survey of UK CF centres on availability and desirability of 
routinely available adherence data. figshare. Dataset. 2019.  
http://www.doi.org/10.15131/shef.data.10059251.v1
·½»ʼÅ¼ˀ
	ʸʷʷʷ»É»·È¹¾ʹʷʸˀƑʿƓʸˀʷʻ·ÉÊËÆº·Ê»ºƓʷʺʹʷʹʷ
ʸƔ
ʹƔ
ʺƔ
ʻƔ
Æ»Ä»»È»Ì¿»Í
 ËÈÈ»ÄÊ»»È»Ì¿»ÍÊ·ÊËÉƓ
Version 1
 03 January 2020Reviewer Report
¾ÊÊÆÉƓƭƭºÅ¿ƔÅÈ½ƭʸʷƔʼʹʼʽƭ¼ʸʷʷʷÈ»É»·È¹¾ƔʹʺʸʻˀƔÈʼʿʸʷʷ
ʛʹʷʹʷ»ÍƔ¾¿É¿É·ÄÅÆ»Ä·¹¹»ÉÉÆ»»ÈÈ»Ì¿»ÍÈ»ÆÅÈÊº¿ÉÊÈ¿¸ËÊ»ºËÄº»ÈÊ¾»Ê»ÈÃÉÅ¼Ê¾»È»·Ê¿Ì»ÅÃÃÅÄÉ
ƑÍ¾¿¹¾Æ»ÈÃ¿ÊÉËÄÈ»ÉÊÈ¿¹Ê»ºËÉ»Ƒº¿ÉÊÈ¿¸ËÊ¿ÅÄƑ·ÄºÈ»ÆÈÅºË¹Ê¿ÅÄ¿Ä·ÄÏÃ»º¿ËÃƑÆÈÅÌ¿º»ºÊ¾»ÅÈ¿½¿Ä·ÂÊÊÈ¿¸ËÊ¿ÅÄ¿¹»ÄÉ»
ÍÅÈÁ¿ÉÆÈÅÆ»ÈÂÏ¹¿Ê»ºƔ
·ÈÁ»Í
Â¼È»º»·ÂÊ¾Ƒ»Â¸ÅËÈÄ»Ƒ¿¹ƑËÉÊÈ·Â¿·
¹¾ÅÅÂÅ¼Ë¸Â¿¹»·ÂÊ¾·ÄºÈ»Ì»ÄÊ¿Ì»»º¿¹¿Ä»ƑÅÄ·É¾Ä¿Ì»ÈÉ¿ÊÏƑÅÄ·É¾ƑËÉÊÈ·Â¿·
¾¿ÉÃ·ÄËÉ¹È¿ÆÊº»É¹È¿¸»É·ÉËÈÌ»ÏÅ¼·º¾»È»Ä¹»ÃÅÄ¿ÊÅÈ¿Ä½·Ì·¿Â·¸¿Â¿ÊÏƑ·ÄºÌ¿»ÍÉÈ»½·Èº¿Ä½Ê¾»¸»Ä»¼¿ÊÉ
Å¼ÉË¹¾Ƒ¿ÄÊ¾»¹ÅÄÊ»ÎÊÅ¼Ä·Ê¿ÅÄ·Â	¹»ÄÊÈ»ÉƔ
¿ÃÉƑÃ»Ê¾ÅºÉƑÈ»ÉËÂÊÉ·È»º»É¹È¿¸»º¿ÄÉË¼¼¿¹¿»ÄÊº»Ê·¿Â¼ÅÈÊ¾»È»·º»ÈÊÅËÄº»ÈÉÊ·Äº·Äº¼ÅÂÂÅÍƔ¾»
º¿É¹ËÉÉ¿ÅÄ¿ÉÈ»·ÉÅÄ·¸Â»·ÄººÅ»ÉÄÅÊ»Î¹»»ºÊ¾»É¹ÅÆ»Å¼Ê¾»º·Ê·Ɣ
¾»È»ÉËÂÊÉº»ÃÅÄÉÊÈ·Ê»ÉË¸ÉÊ·ÄÊ¿·ÂÂ¿Ã¿Ê·Ê¿ÅÄÉ¿Ä¹Â¿Ä¿¹¿·ÄÉƠ·¸¿Â¿ÊÏÊÅ¹·ÆÊËÈ»·ÄºËÊ¿Â¿É»·º¾»È»Ä¹»º·Ê·¿Ä
¹Â¿Ä¿¹·Â¹·È»Ɩ¼¿Äº¿Ä½É¿ÃÆÅÈÊ·ÄÊÊÅ¾¿½¾Â¿½¾Ê·ÄºÄ»¹»ÉÉ·ÈÏÊÅ·ººÈ»ÉÉƔ
¾·Ì»Ê¾»¼ÅÂÂÅÍ¿Ä½Ã·ÀÅÈ¹ÅÃÃ»ÄÊÉƓ
¾»ʿƭʹˀÈ»ÉÆÅÄÉ»È·Ê»¼ÈÅÃ¹»ÄÊÈ»º¿È»¹ÊÅÈÉ¿Éº¿É·ÆÆÅ¿ÄÊ¿Ä½Ɣ¾¿ÉÃ·ÏÊ¾»È»¼ÅÈ»È»ÆÈ»É»ÄÊ
É¿½Ä¿¼¿¹·ÄÊÉ»Â»¹Ê¿ÅÄ¸¿·É·ÄºÊ¾¿É¸¿·ÉÉ¾ÅËÂº¸»»ÎÆÂ¿¹¿ÊÂÏÃ»ÄÊ¿ÅÄ»º¿ÄÊ¾»Â¿Ã¿Ê·Ê¿ÅÄÉƒ¿Ɣ»Ɣ¹»ÄÊÈ»É
Í¿Ê¾Â»ÉÉ¿ÄÊ»È»ÉÊ¿Ä·Ä·º¾»È»Ä¹»ÃÅÄ¿ÊÅÈ¿Ä½ÉÏÉÊ»Ã·È»Â»ÉÉÂ¿Á»ÂÏÊÅÈ»ÉÆÅÄºƔ

¾»ÉË¸ƖÅÆÊ¿Ã·ÂÈ»ÉÆÅÄÉ»È·Ê»Ã·Ï·ÂÉÅ¿Äº¿¹·Ê»Â¿Ã¿Ê»º¿ÄÊ»È»ÉÊÅÈ»Ä½·½»Ã»ÄÊ·ÃÅÄ½ÉÅÃ»
¹»ÄÊÈ»É¼ÅÈ¿ÃÆÂ»Ã»ÄÊ¿Ä½·¹ÅÄ¹»ÈÊ»º·º¾»È»Ä¹»ÃÅÄ¿ÊÅÈ¿Ä½ÉÏÉÊ»ÃƔ¾»·ËÊ¾ÅÈÉÃ¿½¾Ê¹ÅÄÉ¿º»È
¿Ä¹ÂËº¿Ä½Ê¾¿É¿ÄÊ¾»¿Èº¿É¹ËÉÉ¿ÅÄƑ¿Ä·É»ÄÉ¿Ê¿Ì»·ÄºÊ·¹Ê¼ËÂÃ·ÄÄ»ÈƔ

¾¿Â»Ê¾»È»ÉÆÅÄº»ÄÊÉ·½È»»º·ËÉ»ÈƖ¼È¿»ÄºÂÏÉÏÉÊ»ÃÊÅÃ·Á»·º¾»È»Ä¹»º·Ê··Ì·¿Â·¸Â»¿Ä
¹ÅÄÉËÂÊ·Ê¿ÅÄÉÍ·Éº»É¿È·¸Â»ƑÊ¾»ÏÍ»È»ÄÅÊ·ÉÁ»ºÍ¾·Ê¸·ÈÈ¿»ÈÉ¹ËÈÈ»ÄÊÂÏÉÊÅÅº¿ÄÊ¾»Í·ÏÅ¼
¿ÃÆÂ»Ã»ÄÊ¿Ä½Ê¾¿ÉƖƺÉÊ·¼¼Ƒ»ÇË¿ÆÃ»ÄÊƑÊ¿Ã»ƻƔ¼Ê¾¿ÉÉËÈÌ»Ï¿ÉÈ»Æ»·Ê»º¿Ä¼ËÊËÈ»ƑÊ¾¿ÉÍÅËÂºÏ¿»Âº
ËÉ»¼ËÂ¿Ä¼ÅÈÃ·Ê¿ÅÄÊÅº»Ì»ÂÅÆ·Äº¿ÃÆÂ»Ã»ÄÊÉË¹¾·ÉÏÉÊ»ÃƔ

É·ÆÈ·¹Ê¿Ê¿ÅÄ»ÈÅËÊÉ¿º»Ê¾»	¼¿»ÂºƑ·ÃÉËÈÆÈ¿É»ºÊ¾·Ê·º¾»È»Ä¹»ÃÅÄ¿ÊÅÈ¿Ä½¿ÉÄÅÊ·ÈÅËÊ¿Ä»Æ·ÈÊ
Å¼ÈÅËÊ¿Ä»·ÉÉ»ÉÉÃ»ÄÊƑ»ÉÆ»¹¿·ÂÂÏÆÈ¿ÅÈÊÅÊ¾»ËÉ»Å¼»Ï»ƖÍ·Ê»È¿Ä½ÂÏ»ÎÆ»ÄÉ¿Ì»·ºÌ·Ä¹»ºÊ¾»È·Æ¿»ÉƔ
	ÅÈ»Î·ÃÆÂ»ƑÊ¾»»Ì»È»ÉÊ¾Ã·¹»ÄÊÈ»É¿ÄÊ¾»·È»Ê·ÉÁ»ºÍ¿Ê¾»ÄÉËÈ¿Ä½Å¸À»¹Ê¿Ì»·º¾»È»Ä¹»
º·Ê·¿É·¹¹»ÆÊ·¸Â»ÆÈ¿ÅÈÊÅ¹ÅÃÃ»Ä¹¿Ä½¸¿ÅÂÅ½¿¹Éƺ¼·ÈÂ»ÉÉ»ÎÆ»ÄÉ¿Ì»Ê¾·Ä½»Ä»ÆÅÊ»ÄÊ¿·ÊÅÈÉƻƑ·Äº
Ê¾»ËÉÊÈ·Â¿·Ä¾·ÈÃ·¹»ËÊ¿¹·Â¸»Ä»¼¿ÊÉÉÏÉÊ»ÃÈ»ÇË»ÉÊÉÊ¾·Ê·º¾»È»Ä¹»¿É·ººÈ»ÉÉ»ºÆÈ¿ÅÈÊÅ
ÆÈ»É¹È¿ÆÊ¿ÅÄÅ¼¸¿ÅÂÅ½¿¹Éƺ·ÂÊ¾ÅË½¾Å¸À»¹Ê¿Ì»Ã»·ÉËÈ»Ã»ÄÊ¿ÉÄÅÊ·È»ÇË¿È»Ã»ÄÊ¾»È»ƻƔ¾¿Â»
¹Â¿Ä¿¹¿·ÄÉ·È»Ä·ÊËÈ·ÂÂÏƺ·ÄºƑÀËº½»Ƒ¹ÅÈÈ»¹ÊÂÏƻÈ»ÂË¹Ê·ÄÊÊÅÉ»Ê·º¾»È»Ä¹»Ê¾È»É¾ÅÂºÉÈ»ÇË¿È»Ã»ÄÊÉ
ÆÈ¿ÅÈÊÅ¿ÃÆÂ»Ã»ÄÊ¿Ä½·ºÌ·Ä¹»ºÊ¾»È·Æ¿»ÉƑÁÄÅÍÂ»º½»Å¼·º¾»È»Ä¹»Æ·ÊÊ»ÈÄÉ¿É·ÂÍ·ÏÉº»É¿È·¸Â»
ʸ
ʹ
·½»ʽÅ¼ˀ
	ʸʷʷʷ»É»·È¹¾ʹʷʸˀƑʿƓʸˀʷʻ·ÉÊËÆº·Ê»ºƓʷʺʹʷʹʷ
ʻƔ
ÆÈ¿ÅÈÊÅ¿ÃÆÂ»Ã»ÄÊ¿Ä½·ºÌ·Ä¹»ºÊ¾»È·Æ¿»ÉƑÁÄÅÍÂ»º½»Å¼·º¾»È»Ä¹»Æ·ÊÊ»ÈÄÉ¿É·ÂÍ·ÏÉº»É¿È·¸Â»
Í¾»Ä¹ÅÄÊ»ÃÆÂ·Ê¿Ä½ÉÊ»ÆÆ¿Ä½ƖËÆ·ÄÏÊ¾»È·ÆÏƔ¾»·ËÊ¾ÅÈÉÃ·Ï¹ÅÄÉ¿º»ÈºÈ·Í¿Ä½¹ÅÃÆ·È¿ÉÅÄÉ
¸»ÊÍ»»ÄÊ¾»ÆÈ·¹Ê¿¹»¿Ä	·ÄºÉ»Ì»È»·ÉÊ¾Ã·¼¿»ÂºÉ»Ì»Ä¿ÄÊ¾»·ÂÅÄ»Ɣ
ÉÊ¾»ÍÅÈÁ¹Â»·ÈÂÏ·Äº·¹¹ËÈ·Ê»ÂÏÆÈ»É»ÄÊ»º·ÄººÅ»É¿Ê¹¿Ê»Ê¾»¹ËÈÈ»ÄÊÂ¿Ê»È·ÊËÈ»Ɯ
»É
ÉÊ¾»ÉÊËºÏº»É¿½Ä·ÆÆÈÅÆÈ¿·Ê»·Äº¿ÉÊ¾»ÍÅÈÁÊ»¹¾Ä¿¹·ÂÂÏÉÅËÄºƜ
»É
È»ÉË¼¼¿¹¿»ÄÊº»Ê·¿ÂÉÅ¼Ã»Ê¾ÅºÉ·Äº·Ä·ÂÏÉ¿ÉÆÈÅÌ¿º»ºÊÅ·ÂÂÅÍÈ»ÆÂ¿¹·Ê¿ÅÄ¸ÏÅÊ¾»ÈÉƜ
»É
¼·ÆÆÂ¿¹·¸Â»Ƒ¿ÉÊ¾»ÉÊ·Ê¿ÉÊ¿¹·Â·Ä·ÂÏÉ¿É·Äº¿ÊÉ¿ÄÊ»ÈÆÈ»Ê·Ê¿ÅÄ·ÆÆÈÅÆÈ¿·Ê»Ɯ
ÅÊ·ÆÆÂ¿¹·¸Â»
È»·ÂÂÊ¾»ÉÅËÈ¹»º·Ê·ËÄº»ÈÂÏ¿Ä½Ê¾»È»ÉËÂÊÉ·Ì·¿Â·¸Â»ÊÅ»ÄÉËÈ»¼ËÂÂÈ»ÆÈÅºË¹¿¸¿Â¿ÊÏƜ
ÅÉÅËÈ¹»º·Ê·È»ÇË¿È»º
È»Ê¾»¹ÅÄ¹ÂËÉ¿ÅÄÉºÈ·ÍÄ·º»ÇË·Ê»ÂÏÉËÆÆÅÈÊ»º¸ÏÊ¾»È»ÉËÂÊÉƜ
»É
Å¹ÅÃÆ»Ê¿Ä½¿ÄÊ»È»ÉÊÉÍ»È»º¿É¹ÂÅÉ»ºƔÅÃÆ»Ê¿Ä½ÄÊ»È»ÉÊÉƓ
»Ì¿»Í»ÈÎÆ»ÈÊ¿É»ƓÌ¿º»Ä¹»¸·É»º¾»·ÂÊ¾¹·È»ƑÉ»Ì»È»·ÉÊ¾Ã·Ƒ·ÂÂ»È½¿¹º¿É»·É»ƑÆÂ»ËÈ·Âº¿É»·É»
¹ÅÄ¼¿ÈÃÊ¾·Ê¾·Ì»È»·ºÊ¾¿ÉÉË¸Ã¿ÉÉ¿ÅÄ·Äº¸»Â¿»Ì»Ê¾·Ê¾·Ì»·Ä·ÆÆÈÅÆÈ¿·Ê»Â»Ì»ÂÅ¼
»ÎÆ»ÈÊ¿É»ÊÅ¹ÅÄ¼¿ÈÃÊ¾·Ê¿Ê¿ÉÅ¼·Ä·¹¹»ÆÊ·¸Â»É¹¿»ÄÊ¿¼¿¹ÉÊ·Äº·ÈºƑ¾ÅÍ»Ì»È¾·Ì»É¿½Ä¿¼¿¹·ÄÊ
È»É»ÈÌ·Ê¿ÅÄÉƑ·ÉÅËÊÂ¿Ä»º·¸ÅÌ»Ɣ
 30 December 2019Reviewer Report
¾ÊÊÆÉƓƭƭºÅ¿ƔÅÈ½ƭʸʷƔʼʹʼʽƭ¼ʸʷʷʷÈ»É»·È¹¾ƔʹʺʸʻˀƔÈʼʾʽʹʼ
ʛʹʷʸˀÅË½¾»ÅÄ»ÈÊÈ·ÄºƔ¾¿É¿É·ÄÅÆ»Ä·¹¹»ÉÉÆ»»ÈÈ»Ì¿»ÍÈ»ÆÅÈÊº¿ÉÊÈ¿¸ËÊ»ºËÄº»ÈÊ¾»Ê»ÈÃÉÅ¼Ê¾»È»·Ê¿Ì»
ƑÍ¾¿¹¾Æ»ÈÃ¿ÊÉËÄÈ»ÉÊÈ¿¹Ê»ºËÉ»Ƒº¿ÉÊÈ¿¸ËÊ¿ÅÄƑ·ÄºÈ»ÆÈÅºË¹Ê¿ÅÄ¿Ä·ÄÏÃ»º¿ËÃƑÆÈÅÌ¿º»ºÊ¾»ÅÃÃÅÄÉÊÊÈ¿¸ËÊ¿ÅÄ¿¹»ÄÉ»
ÅÈ¿½¿Ä·ÂÍÅÈÁ¿ÉÆÈÅÆ»ÈÂÏ¹¿Ê»ºƔ
 ÅÃ¿Ä¿ÇË»ÅË½¾»ÅÄ»ÈÊÈ·Äº
ʺʻʸʹƑÄ¿Ì»ÈÉ¿ÊÏÅ¼·È¿ÉʸʺƑÅ¸¿½ÄÏƑ	È·Ä¹»
¾¿É·ÈÊ¿¹Â»º»·ÂÉÍ¿Ê¾Ê¾»·º¾»È»Ä¹»Å¼·ºËÂÊÆ·Ê¿»ÄÊÉÍ¿Ê¾	ÊÅÊ¾»Ä»¸ËÂ¿Ð·Ê¿ÅÄÊÈ»·ÊÃ»ÄÊÉ·ÄºÃÅÈ»
Æ·ÈÊ¿¹ËÂ·ÈÂÏÊ¾»¿ÃÆÅÈÊ·Ä¹»Å¼·ÉÉ»ÉÉ¿Ä½Ê¾»¿È·º¾»È»Ä¹»¿Ä¹Â¿Ä¿¹¹ÅÄÉËÂÊ·Ê¿ÅÄÉÊÅ»ÉÊ·¸Â¿É¾·½ÅÅº
º¿·½ÄÅÉ¿ÉÅ¼Ê¾»Æ·Ê¿»ÄÊƠÉ¾»·ÂÊ¾ƺ·º»Ê»È¿ÅÈ·Ê¿ÅÄÃ¿½¾Ê¸»ºË»ÊÅÄÅÄƖ·º¾»È»Ä¹»ÊÅ·ÆÈ»É¹È¿¸»ºÊÈ»·ÊÃ»ÄÊ
ÅÈÅÊ¾»È¹·ËÉ»Éº»ÉÆ¿Ê»½ÅÅº·º¾»È»Ä¹»ÊÅÊ¾»ÊÈ»·ÊÃ»ÄÊÉƻ·ÄºÊ¾ËÉÊÅÅ¼¼»ÈÊ¾»¸»ÉÊÊÈ»·ÊÃ»ÄÊÉÊÈ·Ê»½¿»É
ÊÅÊ¾»Æ·Ê¿»ÄÊƔ

¾»ÆËÈÆÅÉ»Å¼Ê¾»ÉÊËºÏ¿ÉÊÅ·ÉÉ»ÉÉÊ¾»·Ì·¿Â·¸¿Â¿ÊÏ·Äºº»É¿È·¸¿Â¿ÊÏƑ¼ÅÈÊ¾»¹Â¿Ä¿¹¿·ÄÉ¿ÄÌÅÂÌ»º¿Ä	¹·È»
¿ÄÊ¾»ƑÅ¼Å¸À»¹Ê¿Ì»·º¾»È»Ä¹»º·Ê·¼ÈÅÃÊ¾»¿ÈÆ·Ê¿»ÄÊÉƔ	¿Ì»ÇË»ÉÊ¿ÅÄÉÍ»È»·ÉÁ»ºÊ¾ÈÅË½¾·ÄÅÄÂ¿Ä»
·½»ʾÅ¼ˀ
	ʸʷʷʷ»É»·È¹¾ʹʷʸˀƑʿƓʸˀʷʻ·ÉÊËÆº·Ê»ºƓʷʺʹʷʹʷ
¿ÄÊ¾»ƑÅ¼Å¸À»¹Ê¿Ì»·º¾»È»Ä¹»º·Ê·¼ÈÅÃÊ¾»¿ÈÆ·Ê¿»ÄÊÉƔ	¿Ì»ÇË»ÉÊ¿ÅÄÉÍ»È»·ÉÁ»ºÊ¾ÈÅË½¾·ÄÅÄÂ¿Ä»
ÇË»ÉÊ¿ÅÄÄ·¿È»ÉËÈÌ»ÏÊÅÊ¾»ºËÂÊ	¹»ÄÊÈ»ÉƔÌ·¿Â·¸¿Â¿ÊÏÈ»¼»ÈÉÊÅ»º¿¹·ÂÅÉÉ»ÉÉ¿ÅÄ·Ê¿ÅƺƖ
È»¼¿ÂÂº·Ê·ƻÅÈƖÄ»¸º·Ê·ƺ·º»Ì¿¹»ËÉ»ºÊÅÄ»¸ËÂ¿Ð»Ì·È¿ÅËÉÊÈ»·ÊÃ»ÄÊÉƻ·Ì·¿Â·¸Â»ºËÈ¿Ä½Ê¾»¹Â¿Ä¿¹Ì¿É¿ÊƔ
»É¿È·¸¿Â¿ÊÏÈ»¼»ÈÉÊÅÊ¾»Ì·ÂË»Ê¾·Ê¹Â¿Ä¿¹¿·ÄÉÆÂ·¹»ÅÄÊ¾¿Éº·Ê··ÊÊ¾»ÆÅ¿ÄÊÅ¼¹ÅÄÉËÂÊ·Ê¿ÅÄƔ

¾ÅË½¾¹Â¿Ä¿¹¿·ÄÉÆÂ·¹»¿ÃÆÅÈÊ·Ä¹»ÅÄÅ¸À»¹Ê¿Ì»·º¾»È»Ä¹»º·Ê·ºËÈ¿Ä½Ê¾»¹Â¿Ä¿¹Ì¿É¿ÊÉÅ¼Ê¾»Æ·Ê¿»ÄÊÉƑ
Ê¾¿Éº·Ê·¿ÉÈ·È»ÂÏ·Ì·¿Â·¸Â»ƺÅÄÂÏ·Ì·¿Â·¸Â»¼ÅÈ·¸ÅËÊʸʼ EÆ·Ê¿»ÄÊÉƻ·ÄºÊ¾»¿ÈÆÈÅÌ¿É¿ÅÄÄÅÊ·¼»·ÊËÈ»Å¼	
¹·È»¿Ä¹ËÈÈ»ÄÊ¹Â¿Ä¿¹·ÂÆÈ·¹Ê¿¹»Ɣ¾»·ËÊ¾ÅÈ¿Äº¿¹·Ê»É·É·Â¿Ã¿Ê·Ê¿ÅÄÅ¼Ê¾»ÉÊËºÏÊ¾»¼·¹ÊÊ¾·ÊÊ¾»È»ÉÆÅÄÉ»
È·Ê»ÊÅÊ¾»ÉËÈÌ»Ï¿ÉÅÄÂÏʹʿ EÅ¼Ê¾»	¹»ÄÊ»ÈÉƺʿ¹»ÄÊ»ÈÉÅËÊÅ¼ʹˀƻƔ

¾¿ÉÆ·Æ»È¿ÉÌ»ÈÏ¹Â»·ÈƑÊ¾»Ã»Ê¾ÅºÉ¿ÉÆÈ»É»ÄÊ»º¿Äº»Ê·¿ÂÉÉÅ¿Ê¹ÅËÂº¸»È»ÆÂ¿¹·Ê»º¿Ä·ÄÅÊ¾»ÈÉÊËºÏƑ·Äº
Ê¾»È»ÉËÂÊÉ·È»¼ËÂÂÏÆÈ»É»ÄÊ»ºƔÊ½¿Ì»ÉÆ»ÈÉÆ»¹Ê¿Ì»ÉÊÅ¿ÃÆÈÅÌ»¸ÅÊ¾Ê¾»ÇË·Â¿ÊÏÅ¼¹·È»·ÄºÊ¾»¾»·ÂÊ¾
ÅËÊ¹ÅÃ»ÉÅ¼Ê¾»Æ·Ê¿»ÄÊÉ¸Ï¿Ä¹È»·É¿Ä½Ê¾»·Ì·¿Â·¸¿Â¿ÊÏ·ÄºËÉ»Å¼Æ·Ê¿»ÄÊ·º¾»È»Ä¹»º·Ê·ÊÅÄ»¸ËÂ¿Ð»º
ÊÈ»·ÊÃ»ÄÊÉƔ¾¿ÉÍÅËÂº¿Ä¹È»·É»Ê¾»È»Â»Ì·Ä¹»Å¼ÆÈ»É¹È¿ÆÊ¿ÅÄÉ·ÄºÆÅÉÉ¿¸ÂÏÅÆ»ÄËÆ·º¿É¹ËÉÉ¿ÅÄÍ¿Ê¾Ê¾»
Æ·Ê¿»ÄÊ·¸ÅËÊÊ¾»¼»·É¿¸¿Â¿ÊÏÅ¼Ê¾»¿ÈÊÈ»·ÊÃ»ÄÊÉ·ÄºÈÅËÊ¿Ä»ÉÄ»¹»ÉÉ·ÈÏÊÅÉËÉÊ·¿Ä¹·È»¿Äº·¿ÂÏÂ¿¼»Ɣ

·ÏÊ¾»·ËÊ¾ÅÈ¹ÅÄÉ¿º»È¹¿Ê¿Ä½Ê¾»¼ÅÂÂÅÍ¿Ä½Æ·Æ»Èƺʽ ÆÅÉ¿Ê¿ÅÄ¿ÄÊ¾»È»¼»È»Ä¹»ƻ·É¿Ê¿É·Ä·ÉÉ»ÉÉÃ»ÄÊÅ¼
·º¾»È»Ä¹»¿Ä	Æ·Ê¿»ÄÊÉ¼ÅÈ¿Ä¾·Â»ºÊ¾»È·Æ¿»É¿Ä	È·Ä¹»Ɠ»ÂÅĎÉ»ÅËÐó»Ê·ÂƔ
»¼»È»Ä¹»É
ʸƔÅËÐóƑ¿ÆÈ»ÏƑÂÂ»Ã·ÄÄƑ¿Ã·Ƒ·¿ÂÂ»ÊƑ»Ä¿ÉƑÅËÆÅÄƖÅËÈºÏƑ·Ã·È·ƑÂ»È»Ä·Ƒ
»¿ÎƑËÈ¿»ËƑ»ÏÄ·ËºƑÅËÐ»ÊƓº¾»È»Ä¹»ÊÅÂÅÄ½ƖÊ»ÈÃÊ¾»È·Æ¿»É¿Ä¹ÏÉÊ¿¹¼¿¸ÈÅÉ¿ÉƓ·	È»Ä¹¾
¹ÈÅÉÉƖÉ»¹Ê¿ÅÄ·ÂÉÊËºÏÂ¿ÄÁ¿Ä½ÆÈ»É¹È¿¸¿Ä½Ƒº¿ÉÆ»ÄÉ¿Ä½Ƒ·Äº¾ÅÉÆ¿Ê·Â¿Ð·Ê¿ÅÄº·Ê·Ɣ Ɣ·Ê¿»ÄÊÈ»¼»Èº¾»È»Ä¹»
ʹʷʸˀƒ ƓʸʻˀʾƖʸʼʸʷ Ʈ ʸʺ Ë¸»º¸ÉÊÈ·¹Ê Ë¸Â¿É¾»È	ËÂÂ»ÎÊ
ÉÊ¾»ÍÅÈÁ¹Â»·ÈÂÏ·Äº·¹¹ËÈ·Ê»ÂÏÆÈ»É»ÄÊ»º·ÄººÅ»É¿Ê¹¿Ê»Ê¾»¹ËÈÈ»ÄÊÂ¿Ê»È·ÊËÈ»Ɯ
»É
ÉÊ¾»ÉÊËºÏº»É¿½Ä·ÆÆÈÅÆÈ¿·Ê»·Äº¿ÉÊ¾»ÍÅÈÁÊ»¹¾Ä¿¹·ÂÂÏÉÅËÄºƜ
»É
È»ÉË¼¼¿¹¿»ÄÊº»Ê·¿ÂÉÅ¼Ã»Ê¾ÅºÉ·Äº·Ä·ÂÏÉ¿ÉÆÈÅÌ¿º»ºÊÅ·ÂÂÅÍÈ»ÆÂ¿¹·Ê¿ÅÄ¸ÏÅÊ¾»ÈÉƜ
»É
¼·ÆÆÂ¿¹·¸Â»Ƒ¿ÉÊ¾»ÉÊ·Ê¿ÉÊ¿¹·Â·Ä·ÂÏÉ¿É·Äº¿ÊÉ¿ÄÊ»ÈÆÈ»Ê·Ê¿ÅÄ·ÆÆÈÅÆÈ¿·Ê»Ɯ
»É
È»·ÂÂÊ¾»ÉÅËÈ¹»º·Ê·ËÄº»ÈÂÏ¿Ä½Ê¾»È»ÉËÂÊÉ·Ì·¿Â·¸Â»ÊÅ»ÄÉËÈ»¼ËÂÂÈ»ÆÈÅºË¹¿¸¿Â¿ÊÏƜ
»É
È»Ê¾»¹ÅÄ¹ÂËÉ¿ÅÄÉºÈ·ÍÄ·º»ÇË·Ê»ÂÏÉËÆÆÅÈÊ»º¸ÏÊ¾»È»ÉËÂÊÉƜ
»É
Å¹ÅÃÆ»Ê¿Ä½¿ÄÊ»È»ÉÊÉÍ»È»º¿É¹ÂÅÉ»ºƔÅÃÆ»Ê¿Ä½ÄÊ»È»ÉÊÉƓ
»Ì¿»Í»ÈÎÆ»ÈÊ¿É»ƓË¸Â¿¹»·ÂÊ¾ƑË·Â¿ÊÏÃÆÈÅÌ»Ã»ÄÊƑ·Ê¿»ÄÊÎÆ»È¿»Ä¹»ƑË·Â¿Ê·Ê¿Ì»Ã»Ê¾ÅºÅÂÅ½Ï
ƺ½ÈÅËÄº»ºÊ¾»ÅÈÏƻƑÏÉÊ¿¹	¿¸ÈÅÉ¿ÉƔ
¹ÅÄ¼¿ÈÃÊ¾·Ê¾·Ì»È»·ºÊ¾¿ÉÉË¸Ã¿ÉÉ¿ÅÄ·Äº¸»Â¿»Ì»Ê¾·Ê¾·Ì»·Ä·ÆÆÈÅÆÈ¿·Ê»Â»Ì»ÂÅ¼
Ê¾
ʸ
·½»ʿÅ¼ˀ
	ʸʷʷʷ»É»·È¹¾ʹʷʸˀƑʿƓʸˀʷʻ·ÉÊËÆº·Ê»ºƓʷʺʹʷʹʷ
¹ÅÄ¼¿ÈÃÊ¾·Ê¾·Ì»È»·ºÊ¾¿ÉÉË¸Ã¿ÉÉ¿ÅÄ·Äº¸»Â¿»Ì»Ê¾·Ê¾·Ì»·Ä·ÆÆÈÅÆÈ¿·Ê»Â»Ì»ÂÅ¼
»ÎÆ»ÈÊ¿É»ÊÅ¹ÅÄ¼¿ÈÃÊ¾·Ê¿Ê¿ÉÅ¼·Ä·¹¹»ÆÊ·¸Â»É¹¿»ÄÊ¿¼¿¹ÉÊ·Äº·ÈºƔ
¾»¸»Ä»¼¿ÊÉÅ¼ÆË¸Â¿É¾¿Ä½Í¿Ê¾	ʸʷʷʷ»É»·È¹¾Ɠ
ÅËÈ·ÈÊ¿¹Â»¿ÉÆË¸Â¿É¾»ºÍ¿Ê¾¿Äº·ÏÉƑÍ¿Ê¾ÄÅ»º¿ÊÅÈ¿·Â¸¿·É
ÅË¹·ÄÆË¸Â¿É¾ÊÈ·º¿Ê¿ÅÄ·Â·ÈÊ¿¹Â»ÉƑÄËÂÂƭÄ»½·Ê¿Ì»È»ÉËÂÊÉƑ¹·É»È»ÆÅÈÊÉƑº·Ê·ÄÅÊ»É·ÄºÃÅÈ»
¾»Æ»»ÈÈ»Ì¿»ÍÆÈÅ¹»ÉÉ¿ÉÊÈ·ÄÉÆ·È»ÄÊ·Äº¹ÅÂÂ·¸ÅÈ·Ê¿Ì»
ÅËÈ·ÈÊ¿¹Â»¿É¿Äº»Î»º¿ÄË¸»º·¼Ê»ÈÆ·ÉÉ¿Ä½Æ»»ÈÈ»Ì¿»Í
»º¿¹·Ê»º¹ËÉÊÅÃ»ÈÉËÆÆÅÈÊ·Ê»Ì»ÈÏÉÊ·½»
	ÅÈÆÈ»ƖÉË¸Ã¿ÉÉ¿ÅÄ»ÄÇË¿È¿»ÉƑ¹ÅÄÊ·¹Ê È»É»·È¹¾ʤ¼ʸʷʷʷƔ¹ÅÃ
·½»ˀÅ¼ˀ
	ʸʷʷʷ»É»·È¹¾ʹʷʸˀƑʿƓʸˀʷʻ·ÉÊËÆº·Ê»ºƓʷʺʹʷʹʷ
